The proton NMR line widths and spin-lattice relaxation rates, T 
Introduction
Proton conducting solids have been attracting a great deal of attention, because they are considered as promising materials for a wide variety of electrochemical devices such as fuel cells and proton batteries, solid state dehumidifiers, solar energy storage and electrochromic display devices. 1 Proton conduction occurs in several types of materials, including many hydrogen-bonded systems. In some ferroelectric hydrogen-bonded crystals, superionic conductivity has been discovered. SO 4 belongs to a family of hydrogen-bonded crystals.
The effects of nuclear motion on the magnetic resonance line widths and relaxation times of nuclear spin systems have been widely used in studies of various types of atomic motions in crystals. It is commonly held that a good deal of information regarding the structures and internal motions of solids can be obtained by using nuclear magnetic resonance (NMR) techniques. [2] [3] [4] A prominent feature of the solids studied in this manner is that the protons act as resonant nuclei and that variations of their relaxation times with temperature can be used to detect ionic motion. From relaxation time measurements, it has been found that at temperatures in the neighborhood of compounds' phase transition temperatures, both the slope and the actual value of the relaxation time plotted as a function of temperature undergo abrupt changes; 5 it was concluded that a change in molecular motion accompanied the phase change in each case. This method is particularly suited to the study of the rotational and vibrational properties of ionic groups that contain nuclei with spin 1/2. 6 Most of these experiments have been considered in the framework of the Bloembergen-Purcell-Pound (BPP) theory. 7 The mathematical model used in these studies to convert between the relaxation time, T 1 , and the correlation time, τ c , characteristic of the molecular motion was the model introduced by the BPP theory. 7 This study reports the determination of molecular motion from the line widths and spin-lattice relaxation rates, T , of a pulse NMR spectrometer by using a solid echo pulse sequence, (π/2−t−π/2) to eliminate artifacts due to probe ringing. The π/2 pulse width was 5 μs, and the pulse separation τ was 40 μs. The sample temperature was maintained at a constant value by controlling the helium gas flow and the heater current, giving an accuracy of ±0.1 K. 2 as a function of the temperature is measured, and in the experimental temperature range, the line width is nearly constant within the range 21 to 25 kHz as shown in Fig. 1 , and has a Lorentzian shape. The proton spin-lattice relaxation rate was measured in the temperature range 20-300 K. The spin-lattice relaxation time, T 1 , was measured by applying a solid echo pulse sequence, and the nuclear magnetization M(t) of 1 H at time t after the π/2 pulse was determined from the saturation recovery pulse, sequence following the pulse. The recovery trace of magnetization of the crystals was measured at several different temperatures. The recovery traces of 1 H nucleus show a single exponential function. Thus, the spin-lattice relaxation time was determined by fitting it into the recovery pattern given by the following equation
Results
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Where M (t) is the nuclear magnetization at time t. The relaxation rate, 1/T 1 , in eq. (1) (Fig. 2 inset) .
There is a well-developed T 1 -1 maximum with an exponential on both sides of the maximum, as predicted by the BPP theory of relaxation. Previous studies have reported that the temperature dependence of T 1 -1 for LiH 3 (SeO 3 ) 2 does not follow a well-defined BPP function. 9 This feature of T 1
indicates that distinct molecular motion is present. The form of the proton T 1 -1 vs. inverse temperature curve leads us to believe that the relaxation process is caused by the molecular motion. The T 1 values can be related to corresponding values of the rotational correlation time, τ c , the rotational correlation time being the length of time that a molecule remains in a given state before the molecule reorients. As such, τ c is a direct measure of the rate of motion. The experimental value of T 1 can be expressed in terms of an isotropic correlation time τ c for molecular motions by using the BPP function. 7 According to the BPP theory, T 1 for the spin-lattice interaction in the case of random motion is given by 
The slope of the straight-line portion of the semilog plot can be used to determine the activation energy, E a . The activation energy for the molecular motion can be obtained from the log τ c vs. the 1000/T curve as shown in Fig. 3 . The activation energy was found to be 3.76 kcal/mol. As the temperature decreases, the line width increases in step-like fashion, reaching a rigid lattice value at lower temperatures. This stepwise narrowing is generally considered to be caused by internal motions that have a temperature dependence connected with that observed for the line width. 8 When the temperature increases, the shape of the line changes, progressing from the Gaussian-like shape produced by a rigid lattice to a Lorentzian shape. At low temperatures, the line width of 
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Discussion and Conclusions
The proton NMR line widths and spin-lattice relaxation rates of the The characteristic of the protonic conductor may be due to the transfer of the proton within the hydrogen bond and breaking of the hydrogen bond together with the reorientation of the ionic group involved in the hydrogen-bond formation. The activation energy for H-O-Se hydrogen bond in LiH 3 (SeO 3 ) 2 crystals obtained here is very small, therefore, the transfer of the proton within the hydrogen bond and breaking of the hydrogen bond in high temperature is expected. From these result, the LiH 3 (SeO 3 ) 2 crystal in three crystals may be have high possibility as the protonic conductor material. 
